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ABSTRACT 
The ,.900 °C irradiation experiment" has been executed in the HFR reactor 
at Petten to investigate the performance of a large variety of HTR fuel over 
a range of burn-up and fast neutron doses with fuel surface temperatures of 
about 900 ac. 
The results of post-irradiation examination are presented together with some 
remarks and suggestions in order to improve the fuel performance and the 
production costs. 
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1. INTRODUCTION 
A large variety of coated particles has been innadiated as mo-
nolayer and small size compacts .All the varieties of irradiated 
particles were coated by triplex layers:PyC-SiC-PyC. 
The particles were prepared in three different laboratories 
with the geometry of the coating as a variable. 
The fuel in the kernel was present as uo 2 and (Th,U)0 2 spheres 
with nominal diameters of 650 and 800 pm.The uo 2 spheres were 
manufactured by a slow growth agglomeration process and the 
(Th,U10 2 by emulsion. 
The original aim of this experiment was to irradiate standard 
HTR coated particl~at 900°c to a final fast neutron dose of 
21 2 
about 4x10 n/cm N.D.E. with a burn-up,depending on the en-
richment,between 5 and 12% fima (1). 
As consequence of failure of the irradiation rig the experiment 
was stopped at the moment the contents had received a fast neu-
tron dose of 1.1 x 10 21 n/cm 2 N.D.E. 
The dismantling operation has been started about six months 
after the rig was removed from the reactor core because,at ~he very 
beginninr, the intention was to replace the failed rig and to 
continue the irradiation. 
The post-irradiation examination has been carried out at Petten 
by EURATOM and R.C.N. jointly. 
2. GAMMA-SC.ANNING AND AUTORAD.IOGRAPHIC EXAMI_NATIONS 
Before starting the dismantlin~ of the primary stainless-steel 
container where the fuel was located,a preliminary longitudinal 
gamma-scan was performed.In fig.1 and 2 are presented the profile 
- 6 -
of the levels of activity of Co-60 and Mn-54 respectively. 
A scanning step of 1 cm was used.A second longitudinal gamma-
scan of the assembled fuel including the graphite box containers 
was realised by steps of 2 mm and was devoted to the examination 
of the level of activity of selected fission products. 
In fig.3,4,5,6,and 7 are presented the distribution of the le¥ 
vels of activity,in arbitrary units,of Ce-141,Ce-144,Ru-/Rh-106 
Zr-95 and Cs-137. 
Once the monolayers and the small size compacts had been removed 
from the graphite boxes,the possibility of realising a gamma-scan 
of the empty boxes was checkeo,but the level of activity was 
too low in comparison to the back-ground of the cell. 
However some information on the contamination level of the in-
ternal wall of the graphite boxes was obtained by autoradiogra-
phic technique.In fig.8,9 and 10 are presented the autoradio-
graphic images of some of the boxes together with the corre-
sponding profile of Zr-95 distribution already presented in 
fig. 6. As can be observed there is a strict correspondence 
between the level of fission product present in the fuel and 
the degree of wall contamination,with the one exception in 
correspondence of the peak of activity due to compacts with 
o.4 % of enrichment,where the autoradiography shows a region of 
low contamination. One explanation of the observed divergence 
could be that the blackening of the film is essentially gene-
rated by the activity of a radio-isotope for which the fission 
product yield is largely different in the fission of U-235 
and of U-238. 
During the unloading of the graphite boxes an optical inspec-
tion of the monolayers and compacts was executed.No modification 
of the surface conditioL was observed.In fig.11 is presen.~d 
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a view of the fueled bodies. 
8. DIMENSIONAL MEASUREMENTS 
Dimensiomal measurements were executed before and after irradia-
tion.As a consequence of the very small tendency in contraction 
of the samples observed in post-irradiation examination,the dimen-
sional measurements were restricted to the variation of the 
external diameter of monolayers and compacts. The measured values 
are presented in the tables labelled from I to XII • 
4. MICRO-RADIOGRAPHIC .EXAMINATIONS 
Radiographs were taken of each monolayer before and after irra-
diation with a sp·ecial X-ray device (:2) • 
Comparing the images of each monolayer it is possible to ob-
serve the presence of phenomena generated or enhanced by the 
effects of irradiation and temperature. 
~'he correspondent radio.graphic images of a few particles taken 
before and after irradiation are presented in fig.12,13,t4,15, 
16 and 17 in order to give a general idea of the observed 
phenomena. 
Examining the micro-radiogra.phs ,under microscope, it is possible 
to observe each component present in the monolayer,as is evi-
dent in fig. 17b. Generally the magnified images presented in 
the paper show the SiC layer and what is inside it. This is the 
consequence of the choosen intensity of light and of the choos~n 
exposure time in order to reveal,with the best contrast,the 
region surroundingthe kernel. 
Some of the phenomena observed in post-irradiation examinations 
were present in a few monolayers before the irradiation,but 
in a less pronounced way. This means that some of the observed 
phenomena is not strictly a result of irradiation but of some-
thing in the manufacturing or consolidation process of the 
compacts. 
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On the other hand we have observed in the unirradiated state 
the evolution of the kernel contraction phenomenon and the 
subsequent kernel penetration into the coating under the 
effect of isothermal heat treatment (3) 
As far as the uo 2 kernel is concerned the predominant pheno-
menon is contraction of the kernel as is shown in fig.15b, 
which can be ascribed to a sintering process. 
Generally,tt~ kernel during the volume contraction pheno-
menon remains bonded with about 1/3 of its surface to the 
pyrocarbon coating, this will generate an eccentricity of 
~he kernel in the particle. 
When kerreJ. contraction takesplace,it is generally possible 
in ~h~ radiograph to observe the original kernel position 
or ~rofile,a~ .a track due to the presence of heavy metals 
in the coating. The ~egion is delimited by the original and 
the new kernel profiles; ~ithout heavy metal conta-
mination as appears in fig. 15b and 18a ~r with a distri-
bution of spots due to heavy metal contamination as appears 
in fig. 18d and 19. 
Sometimes the original kernel profile is not very well vi-
sible,as can be seen in fig. 13b,an~ the evacuated region 
appears completely clean. 
Some particles of a same batch embedded in the same mono-
layer show different stages of evolution of the kernel 
contraction phenomenon;others show no contraction at all, 
and yet others,on the contrary,show the kernel spreading 
to fill the buffer and seal layer regions. Fig.18 presents 
four particles located in the same monolayer and showing 
different kernel behaviour;fig. 20 shows a particle with 
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spreading of the kernel~ 
A parameter that can control the sintering or kernel contraction 
phenomenon i~ certain 1 v the temperature,but it is not the only 
one. As a matter of fact,the heat treatment of an unirradiated 
monolayer compact,under isothermtl ~ondition has shown parti-
cles with their coatings destroyed by kernel penetration,p,arti-
cles with more or less kernel contraction phenomenon and parti-
cles unaffected by the phenomenon. This means that som~ other 
parameter in addition to the temperature can influence the evo-
lution of the phenomenon;for instance coating integrity and 
presence of uranium carbide. 
Some orientative evaluation of the volume contraction was 
performed utilizing a planimeter in order to determine the 
mean radius of the kernel in the radiographic images,before 
and after the irradiation.V representsthe kernel volume of 
0 
each particle before the irradiation.In table XIII are repor-
ted the .6,V/V values related to a variety of particles present 
0 
in a monolayer and for which the nominal porosity of the 
kernel was of 17,3 %. In the considered monolayer were pre-
sent 29 particles,16 of them showing contraction of the kernel. 
As far as (Th,U)o 2 kernels are concerned,very little sintering 
phenomenon is to be expected taking into consideratio~ that the 
nominal density is nearly theoretical.In facti sometimes it 
is possible to observe some small local kernel contraction as 
in fig.21. The arrows indicate the presence of cracks through 
the coating. 
Similar cracks are also present in the uo 2 particles as can be 
seen in fig. 12,14b,15,16b,17b,18b and 22. 
The identification of the cracks was made by examining the 
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radiographs under the microscope. The presented pictures 
do not show the cracks as clearly as they appear under the 
microscope. 
As far as coatings are concerned, in addition to the al-
ready mentioned cracks that generally do not penetrate the 
outer pyrocarbon layer, it is possible to observe nhenomena 
which are interpreted as lack ot adherence at the buffer-seal 
layer interface or at the seal-inner pyrocarbon interface 
or to both the interfaces as consequence of the pyrocarbon 
shrinkage.Some of thes~ phenomena are presented in fig. 
12b, 20, 23, 24, 25 and 26. 
Exceptionally, some batches present the Sic layer before 
and after irradiation with an apparent contamination of 
heavy metal as shown in fig. 27. A possible interpretation 
of the phenomenon is that during the deposition of the 
SiC layer in the fluidized bed, broken particles were 
present resulting in a high uranium contamination and 
local reactions. No visible change has been introduced 
by the irradiation. 
5. Ceramographic examinations 
Ceramographic examinations performed on a few selected 
samples have confirmed the presence of the phenomena 
already observed during the analysis of the radiographs. 
Particularly in the ceramographic views there is evidence 
of phenomena like kernel contraction~ cleavage at the 
buffer;seal layer interface or at the seal-inner pyro-
carbon interface, and cracks in the inner pyrocarbon layer 
and buffer. Particularly interesting is the effect of the 
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irradiation on the buffer layer of some varieties of 
particles as is shown in fig. 28, 29 and 30. 
The figures 31 , 32 and J 5 are pertinent to part i c 1 es, 
the kernel of which was of the (Th,U}o 2 type. This 
type of kernel as consequence of the nominal density 
being close to the theoretical one, has not presented 
any sintering phenomenon during the irradiation, hence 
the observed gap between buffer and inner pyrocarbon 
layer must be interpreted as being due to densification 
and shrinkage of the pyrocarbon material. 
The other fig¥res showing cle~vage effect at the inter-
face of the buffer and seal layers show also deformation 
and breakage of the buffer layer as is evident in the 
figures 29 and 30. 
In fig. J3 can be observed one variety of' particles 
showing the presence of porosity in the silicon carbide 
shell. 
Some other ceramographic views are presented in the figures 
34, 36, 37, 38 and 39. 
The agreement between radiographic and ceramographic 
examination offers the opportunity of reducin.g the ceramo-
graphic preparation to those samples of particular experi-
mental intetest, selected on the basis of the radiographic 
examination. 
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6. Solid fission products and free uranium present in the 
monolayer matrix. 
From a few monolayer compacts the particles were separated 
from the matrix utilizin~ a mixture of sulfuric and nitric 
acid. After a few minutes a complete desintegration of the 
coupons was achieved. To dissolve also the outer pyrocarbon 
layer, prolonged action was necessary. 
After the separation the matrix material has been completely. 
dissolved. The recovered particles were washed in 25 ml 
0.1 N nitric acid and then boiled for two hours in 25 ml 6 N 
nitric acid. 
From the solution containing the dissolved matrix and from 
the second nitric acid solution, samples were taken. Those 
samples were counted 1n a fixed geometry. The spectra, 
fig. 40, 41, 42, 43, 44 and 45, are comparable with each 
other, they differ only in counting time. Among the analyzed 
samples, the lowest amount of solid fission products was 
observed in the sample D and the highest in the sample C. 
Another interesting parameter was the amount of free 
uranium present in the matrix and in the leaching solution. 
The method we applied was based on the U-238 (n,y) U-239 
reaction in the epithermal neutron region. 
Aliquots of the solution were irradiated in cadmium capsules. 
The 75 keV y-ray of U-239 was measured. After correction 
for decay the following results were obtained. 
Mono layer µg U(matrix) µg U(leach) 
A (6A-4) < 1 5 < 0.5 
B ( 1 2 2 ) 31 < 1 
C ( 9 4 ) 280 1 4 
D ( 8 2) < 1 6 < O. 5 
E (K62) < 140 < 9 
F (K63) < 140 < 4 
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A worthful comparison may be a comparison with the 
uranium present in the matrix of unirradiated samples 
from the same batches. 
The corresponding values are 
batch type µg U(matrix) 
A 8 
B 3 
C & D 3 
E & F 35 
The presented values do not pretend to give the merit 
of the examinated samples on account of their low 
statistical value, but qualitatively they show the 
presence of cracks in the coatings of some varieties. 
7. Absolute activity determinatio~ of Ce-144 2 Ru-106 
and Cs-137 and burn-up determination. 
Among the irradiated monolayers three were chosen for the 
absolute activity determination of some solid fission 
products. The selected samples are 3-G-3 (Dragon), 
K45 (KFA) and 12 (BN). 
The matrix and the particles were desintegrated with the 
help of a mixture of sulfuric acid and nitric acid. After 
desintegration particles and matrix were separated. 
The matrix was dissolved in a mixture of sulfuric acid 
and sodiumpersulfate. The particles were fused with 
sodiumhydroxide and sodiumperoxide (1 :2). The melt was 
dissolved in nitric acid-hydrogenperoxide. Both solutions 
were diluted till known volumes. Aliquots were taken for 
analysis. 
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In the soulution with th~ dissolved particles as well 
as uranium as the absolute activities of Ru-106, Cs-137 and 
Ce-144 were determined. In the matrix solution we 
determined only the activities. To obtain the uranium 
content two techniques were applied. A spectrophotometric 
one based on a separation of the uranium by means of an 
ion-exchange technique and colouration with the help of 
oxine. The other technique was the activation method as 
deEcribed. The absolute activities were determined by 
comparing the activity measurements with measurements 
of standards obtained from the Radiochemical centre in 
Amer sham. 
Dragon coupon 3 G 3 
From this coupon was known the enrichment of 3% and the 
amount of uranium in the coupon about 40 mg. The s~ectro-
photometric measurements delivered the values 34.0 and 
34,1 mg. Activation analysis, after correction for 
enrichment, 34,0 - 34,4 - 33,3 - 33,7 - 33,7 mg. Mean 
33,9 .:!: o.4 mg. 
The absolute activities were (on 1-5-1973): 
matrix (µCi) particles (mCi) 
Cs 137 o.63 2.26 
Ce 144 4. 7 1 5 
Ru 106 55 1 . 1 
From the absolute activities the number of fissions were 
calculated using the followin~ numbers: 
Cs-137 fission yield 6.26%, half-life 30.0 y 
Ru-106 tr " 0.39%, 
., 
" 368 d 
Ce-144 " " 5.44%, II II 284 d . 
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For the three isotopes a correction had to be made for decay 
during and after irradiation, until 1-5-1973. Those factors 
were Cs-137, 1.038; Ru-106 3.19 and Ce-144 4.49. 
The number of fissions calculated from those isotopes 
are Cs-137 1.89.10 18 , Ru-106 1.53.10 18 and Ce-144 1.62.10 18 • 
For the burn-up the results from the cesiumisotope was 
used, which resulted in 2,2% FIMA for this Dragon Sample. 
Belgo-nucleaire 12 
This coupon contained 8.58% enriched uranium probably 
14.8 mg. The spectrophotometric method delivered two 
results 1 12.4 and 12.2 mg, activation analysis, after 
correction for enrichment, 12,5 - 12.6 -12.4 -12,7 - 12,9, 
mean 12.5 ~ 0.2 mg uranium. 
The absolute activities were (on 1-5-1973) 
matrix ( µ C i) particles (mCi) 
Cs-137 0.62 1 . 5 4 
Ce-144 1 • 1 1 1 . 7 
Ru-106 1 . 4 0. 1 0 
The number of fissions are Cs-137 1.29.10 18 , Ru-106 
1.39.10 17 (?) and Ce-144 1.27.10 18 . 
From the cesium results a burn-up value of 3,9% FIMA was 
calculated. 
KFA-45 
This coupon contained 1,351 mg 89.42% enriched uranium 
while the thorium/uranium-235 ratio was 6.22, 
A direct determination of uranium was not possible 
probably caused by a contamination of unirradiated uranium. 
- 16 -
The absolute activities were (on 1-5-1973) 
matrix {µCi) particles (mCi) 
Cs-137 1 . 3 1. 33 
Ce-144 7.4 7.7 
Ru-106 1 . 3 o.84 
18 The number of fissions are Cs-137 1.11.10 , Ru-106 
18 18 1.17.10 and Ce-144 o.83.10 . 
From the cesium result a burn-up value of 4.7% FIMA was 
calculated. 
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8. General considerations 
On the basis of the experimental observations in the post 
irradiation examination, and taking into consideration 
the experimental results coming out from experiments car-
ried out on unirradiated materials, we are driven to 
believe that a large number of cracks can be introduced 
in the different coating layers as a consequence of the 
thermal history of the deposition process. 
The time of life of coated particles under operative con-
ditions can be considerabl~ reduced as a consequence 
of co~ting damage caused during the manufacture or 
during the consolidation of particles in compact. 
The generation of cracks in the buffer layer at the mo-
ment the deposition temperature will be increased in 
order to make the subsequent coating layer, will intro-
duce in the uo 2 kernel the presence of uranium carbide 
as consequence of the CO release. The presence of uranium 
carbide in a uo 2 kernel of low density seems to have an 
accelerating effect on the sinterinr, process of the kernel. 
Such a sintering ieave~ the kernel 1n an eccentric position and 
bonded to the buffer layer by only a small region of 
the surface. This means that the coating during irradia-
tion will be under unisotropic conditions as regard to the 
temperature distribution and the radiation damage by 
fission fragments. In fig. ;16 are presented radiographic 
images of pieces of coating collected during a crushing 
test on unirradiated particles. It is possible to observe 
the crack networks that were present in the buffer and 
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seal layers. The networks are heavy metal tracks on the 
inner face of the inner pyrocarbon layer. 
In fig. 47 is presented the radiographic images of an 
unirradiated particle after a crushing test. It is 
possible to observe the original kernel profile and the 
large kernel contraction, but at the same time in the 
fragment of coating it is also possible to observe the 
crack network. The generation of cracks in the silicon 
layer at the moment the deposition temperature will be 
increased,in order to make the subsequent coating laye~ 
or at the moment of particle consolidation in compact, 
as mechanical stress, or at the moment of graphitization 
of matrix as temperature effect, will considerably re-
duce the fission barrier power and the life of the whole 
coating. When the cracks in the SiC layer are generated 
at the moment the outer pyrocarbon layer will be depo-
sited the cracks can be spread from Sic over the inner 
pyrocarbon layer. 
It is our opinion that attention must be payed in order 
to make coatings under isothermal conditions' instead of 
a sequence of temperature steps, and that the choosen 
deposition temperature must never be overtaken in the 
fuel consolidation operation and :during reactor operation. 
As far as the presence of uranium carbide in a uo 2 kernel 
and its behaviour is concerned, it is our opinion that 
some supplementary investigation must be planned in order 
to investigate its effect on the sintering process, on~ 
the capability 
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of retention of fisiion products in the kernel and on the 
reduction of the partial pressure of CO. 
Particularly,experiments must be carried out on uo 2 kernels 
of low and high density containing tracks of uranium 
carbide surrou.nded by intact coatings .. A better understan-
ding of the observed phenomena could lead to a further 
improvement in the behaviour of the particles under irra-
diation and might permit reactor operation at ~igher 
temperatures with a further reduction of production 
costs. 
No damage of the matrix has been observed either in 
monolayers or in small size compacts. 
- 20 -
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Box No. 2 
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Fig. 8 Profile of the zr95 distribution in the samples contained 
in the box n° 2, autoradiography of the inner-wall of the 
graphite box and samples arrangement in the box. 
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Box No. 3 
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Fig. 9 Profile of the zr95 distribution in the samples contained 
in the box n° 3, autoradiography of the inner-wall of the 
graphite box and samples arrangement in the box. 
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Box No. 4 
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Fig. 10 Profile of the zr95 distribution in the samples contained 
in the box n° 4, autoradiography of the inner-wall of the 
graphite box and samples arrangement in the box. 
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Fig. 11 View of the assembled monolayers and 
compact of a box after irradiation. 
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Fig. 12 Radiography of the same particle taken before (a) and 
after (b) the irradiation (monolayer 3E-3). 
Fig. 13 Radiography of the same particle taken before (a) and 
after (b) the irradiation (monolayer 3E-3). 
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Fig. 14 Radiography of the same particle taken before {a) and 
after (b) the irradiation (monolayer 6G-3). 
Fig. 15 Radiography of the same particle taken before {a) and 
after the irradiation (monolayer 6G-3) 
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Fig. 16 Radiography of the same particle taken before (a) and 
after (b) the irradiation (monolayer 3L-3) 
Fig. 17 Radiography of the same particle taken before (a) and 
after (b) the irradiation (monolayer C3-7 4). 
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Fig. 18 Radiography of four particle present in the same monolayer 
taken after the irradiation (monolayer 3A-3). 
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(rnonolayer 3E-5) (rnonolayer 3E-5) 
-(rnonolayer K-41) (rnonolayer 12E-3) 
Fig. 19-22 Post-irradiation radiography of particles 
- 34 -
(monolayer K-41) (monolayer 3L-3) 
(monolayer 12E-3) (monolayer 12E-3) 
Fig. 23-26 Post-irradiation radiography of particles) 
Fig. 27 Post-irradiation radiography of a particle 
(monolayer C3-77) 
Fig. 28 Ceramography (monolayer 12E-2) 
CA:) 
c.n 
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Fig. 29 Ceramography (monolayer 12E-2) 
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Fig. 30 Ceramography (monolayer 12E-2) 
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-
Fig. 31 Ceramography (monolayer K-18) 
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Fig. 32 Ceramography (monolayer K-25) 
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Fig. 33 Ceramography (monolayer 125-2) 
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Fig. Ceramography (monolayer 7) 
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Fig. 35 Ceramography (monolayer K-18) 
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Fig. 36 Ceramography (monolayer 6G-3) 
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Fig. 37 Ceramography (monolayer 3E) 
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Fig. 38 Ceramography (monolayer 73) 
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Fig. 39 Ceramography (monolayer 73) 
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Fig. 46 Radiography of fragments of coating (irradiated samples) 
Fig. 47 Radiography of a broken irradiated particle. 
- 54 -
Fig. 48 Radiography of a monolayer before the irradiation showing the 
overcoating with radial crack generated during the compression 
of the matrix. 
.§ .. <-·,r - - -() ~_j __ 
I ' 
.--~/- r---
Com- Sample 
pany No 
-
Dragon 3L1 
12L5 
6G1 
3G1 
122-1 
12E1 
3E1 
I 129-5 
I 6C7 
I 
I 3C1 125-1 
I 
3A1 
6A6 
nAlC 
I 
I 
Box 
No 
I 
I 
I 
D means 
D' n 
L means 
L' II 
Len'1'th (mm) 
L L' 
1 ,97 1 , 96 
1 , 99 1,97 
1 ,99 1 ,96 
2,01 , ,95 
1.97 1 , 95 
1 , 98 1 ,97 
1,99 1 ,97 
2,00 1 , 97 
1.97 1 , 95 
1 ,99 1 , 98 
2,00 I 1 , 95 f 1 , 98 1 , 94 
1 , 9 5 1 , 9 5 
PirnEtnsion.al measurements 
Irradiation test E 96-0l 
Diameter before irradiation in mm Accuracy~ 0,02 
" after 11 11 11 11 + 0 02 
- ' Length before irradiation in mm Accuracy 
" after II II II II 
- ·-
diametA,.. (mm, 
D D' 
Sample 90°turned 
D D' 
21 ,96 21 ,86 21 , 96 21 , 86 
21 ,96 21 ,86 21 ,96 21 ,86 
21 ,97 21 ,86 21 ,96 21 ,86 
21 .97 21,86 21 ,97 21 ,86 
21 ,97 21 , 85 21 ,97 21 ,85 
21 ,96 21 ,84 21 ,96 21 ,84 
21 ,95 21,84 21,96 21 ,84 
21 , 95 21 ,85 21,95 21 • 84 
21 ,96 21 ,85 21 ,96 21 ,84 
21 ,97 21 ,85 21 ,97 21 , 85 
21 ,97 21, 8 5 21 ,97 21 ,85 
21 ,96 21 , 85 21,96 21 ,85 
21 ,96 21 ,8 5 21 ,96 21 , 8 5 
21,97 21,85 21,97 21, 85 Compact. 
I 
TABT,E I 
+ OD <I o~ 
'02 + 0 ,.2. 
- o, -o.c 
-
Remarks, 
U1 
U1 
~-r-
-- I 
-() 
_i_ 
!/ 
-!-· r-
Com- Sample 
pany No 
K.F.A. K 1 
K ~ 
K 4 
K 6 
K 7 
K 8 
K 9 
KlO 
K 11 
K12 
K13 
Kl 5 
Box 
NO 
I 
D means 
DI If 
L means 
L' " 
Len,,.th C mm) 
L L' 
1 ,96 
2,02 
1.96 
2. 16 
2,00 
1 , 98 
1 , 87 
2, 1 0 
2,02 
2,05 
1 , 98 
2,01 
D;imensional measurements 
Irradiation test E 96-01 
Diameter before irradiation in mm Accuracy~ 0,02 
" after " " " " + o 02 
- ' Length before irradiation in mm Accuracy 
" after " " " 11 
{'f"\<lffl~to"" ,_..,, 
Sample 90°turned 
D D' D D' 
21 ,95 21 , 85 21 ,97 21 ,85 
21 , 9 5 21 , 85 21 • 96 21 • 85 
21 , 9 5 21 ,85 21 ,96 21 ,8 5 
21 ,9 5 21 ,85 21,96 21 ,ts5 
21 , 95 21 • 84, 21 , 95 21 ,84 
21 ,9 5 21 ,84 21 ,95 21 ,84 
21 ,95 21,82 21 ,95 21 ,82 
21 ,9 5 21, 79 21 ,9 5 21 , 80 
21 ,96 21 ,83 21 ,9 5 21 ,82 
21 ,96 2 l ,83 21 ,9 5 21 ,83 
21 , 96 2,1 ,83 Zl ,95 21 ,83 
21 ,96 21 ,84 21 ,9 5 21 ,84 
TABLE 
+ 0, O<f. 
-o,oz 
II 
+ (),0~ 
0,02. 
Remarks 
CJl 
0:, 
o-·.·r-
- LJ ei 
~~-J __ L_ 
l / ! 
--, "-- ,---
Com-
pany 
Bel.Nuc. 
Sample 
No 
66 
67 
21 
37 
87 
38 
4 
43 
Box 
No 
I 
D means 
D' " 
L means 
L' II 
Lenll"th (mm) 
L L' 
2,04 
2.03 
2, 19 
1 0, 1 2 
2,09 
I O, 1 2 
2,09 
1 0, 1 0 
Dime_nsional measurements 
Irradiation test E 96-01 TABLE III 
Diameter before irradiation in mm Accuracy "t 0,02 
" after " " " " 
Length before irradiation in mm Accuracy 
" after " 11 " n 
+ 0,02 + o o q. 
- o:oz +0,0~ 
o.~2. 
-
di::im<>+.,.,.., (mm) 
Sample 90°turned Remarks 
D D' D D' 
21 , 79 21 , 81 21, 79 21 ,t11 
21 , 79 21 , 8,0 21, 79 21 , 80 
21 , 83 21 , 7 8 21 ,84 21, 78 
21 , 82 21 , 7 3 21 ,83 21 , 73 Compact 
21 ,84 21 , 7 5 21 ,8 5 21 • 7 5 
21 , 83 21, 74 21 • 8 c; 21 , 74 Compact 
21 , 83 21 , 71 21 ,84 21 , 71 
21 , 83 21 , 7 5 21 , 84 21, 75 Compact 
~---
CJl 
-J 
r-1 f t_j~ 
,·. ,._J_ 
--i. , I - / :..-..-. ·-----. 1-
D means 
D' " 
L means 
L' " 
Com- Sample Box Lenlrth <mm) 
pany No No L L' 
Dragon 3L2 II 1 , 9 6 
12L6 2,00 
6G5 2,00 
3G7 1 , 98 
122-2 1 , 99 
12E2 1 '98 
1E5 1 , 9 8 
129-2 1 , 99 
6C2 1 , 98 
3C2 2,00 
125-2 1 , 9 5 
3A2 1 , 99 
6A2 1 , 98 
6A2C 13,74 
I j 
Dimensional measurements 
Irradiation test E 96-0l 
Diameter before irradiation in mm Accuracy 
" after " " 11 " 
Lene;th before irradiation in mm Ac 1curacy 
" after " " " " 
---· 
d.; -,mot:o,., fmm) 
Sample 90°turned 
D D' D D' 
21 , 98 21 , 7 9 21 , 97 21 , 79 
21 , 97 21 , 79 21,9,7 21 , 79 
21 • 97 21, 79 21 ,97 21 , 79 
21 , 98 21 , 79 21 , 98 21 , 79 
21 , 97 21 • 7 8 21 , 97 21 , 7 8 
21 , 97 21 , 78 21 , 97 21 , 7 8 
21 , 97 21 , 77 21 , 97 21 , 77 
21 , 9 5 21 , 7 5 21 , 9 5 21 , 7 5 
21 , 9 5 21 , 77 21 ,94 21 • 77 
21 , 9 5 21 , 77 21 , 9 5 21 . 77 
21 , 9 5 21 , 77 21 , 9 5 21 • 77 
21 , 96 21 , 77 21 , 96 21 , 77 
21 , 96 1 21. 77 21 , 97 21 , 77 
TABl,Z IV 
't 0,02 
+ O, 02 + o D q. 
. _ o: 02 + o. 0 <I 
-~2. 
··--
Remarks 
21 , 97 21 '77 21 , 96 21 , 77 Compact 
·-
01 
00 
R-r 
f---1 , 
1_. J ___ L 
-·--i .:.~ I r------
D means 
D 11 
L means 
L' II 
Com- I Sample Box I Leni.:tth (mm) 
pany No No L L' 
K.F.A. K17 II 1 , 8 4 
I K18 1 ,92 
K20 2' 16 
K21 2, 11 
K23 2,05 
K24 2,01 
K25 1 , 9 1 
K27 2, 11 
K31 2,02 
K32 2,09 
K33 1 ,98 
K36 2, 19 
'Dimens_i_onal m~asurement& 
Irradiation test E 96-01 
Diameter before irradiation in mm Accuracy 
" after 11 " II II 
Length before irradiation in mm Accuracy 
" after 11 " " " 
·-·--·-
di::ime+,p,-, (mm) 
D D' 
Sample 90°turned 
D D' 
21 , 96 21 , 7 8 21 , 96 21 , 7 8 
21 , 96 21 , 79 21 , 96 21. 79 
21 , 9 5 21 , 81 21 , 96 21 , 81 
21 , 96 21 , 81 21 , 9 5 21 , 81 
21 , 96 21 • 81 21 , 96 21 • 81 
21 , 96 21 , 81 21 , 96 21 • 81 
21 , 9 5 21 , 81 21 , 96 21 , 81 
21 , 9 5 21 , 81 21 , 96 21 , 81 
21 , 9 5 21 , 81 21 , 96 21 , 81 
21 , 9 5 21 , 81 21 , 96 21 , 81 
21 , 9 5 21 , 81 21 , 96 21 , 81 
21 , 9.5 21 , 81 21 ; 96 21 , 81 
I 
't O 02 
' t 0,(?2 
TA. BLE V 
+0,04 
- 0,02 + o.o~ 
- o_, 02. 
Remarks 
CJl 
co 
§-- i--: ~ 6 
' _j_ 
-·~ /_ <Cl-·~ 
Com- Sample 
pany No 
-
Bel .Nuc . 68 
22 
55 
90 
56 
7 
73 
44 
Box 
No 
II 
D means 
D' II 
L means 
L' II 
Lenizth (mm) 
L L' 
1 , 98 
2,05 
10,00 
c, 04 
10,07 
2, 07 
2,08 
I O, 1 2 
Di111ens ional measure_ment_S. 
_ Irradiation __ test_E __ 96-0l __ _ 
Diameter before irradiation in mm Accuracy~ 0,02 
11 after 11 11 11 11 + 0 02 
Length before irradiation in mm Accuracy - ' - :!:. ~' gi 
II after II II II II ' 
di~m,:,t:a .... ( TnTn) 
TABLZ VI 
+0,0* 
0,02. 
-
Sample 90°turned Remarks 
D D' -· ·----D D' 
21 , 81 21 , 81 21 , 81 21 , 8 1 
21 , 80 21 , 79 21 , 79 21 , 79 
21 , 82 21 , 7 5 21 , 81 21 , 7 5 Compact 
21 ,82 21 , 7 5 21 , 82 21 , 7 5 
21 , 81 21 , 7 5 21 , 82 21 , 7 5 Compact 
21 , 8 1 21 , 73 21 , 81 21 , 7 3 
21 , 79 21 , 68 21 , 79 21 , 68 
·21 ,81 21 , 7 5 21 , 81 21 , 75 Compact 
en 
0 
rj-,. 
,- .. I r-. . () 
~ ' ' 
J__.__j. -·'·-· I , 
---i.! i- . 
Com- Sample Box 
pany No No 
Dragon 3L3 IIJ 
12L7 
6G3 
3G3 
122-3 
12E3 
3E3 
129-3 
6C3 
3C3 
125-6 
3A3 
6A3 
6A3C 
Dimensional measurements 
___ Irradi~tion test E 96-01:_ 
D means Diameter before irradiation in mm Accuracy :_ 0 02 , 
D' " II after " " " " + 0,(?2 
-L means Length before irradiation in mm Accuracy 
L' It " after " II " " 
-
Lenll'th <mm) di.<lffiP.tA,.., (mm) 
I Sample 90°turned L L' D D' D D' 
1 , 9 8 21 , 97 21 , 77 21 , 97 21 , 77 
1 , 98 21 , 97 21 , 77 21 ,97 21 , 77 
1 , 9 8 21 ,98 21 , 77 21 , 97 21, 77 
1 , 99 21 ,98 21 , 76 21 , 97 21 , 76 
1 , 98 21 ,97 21 , 7 5 21 , 97 21 , 7 5 
1 , 98 21 ,96 21 , 7 5 21 , 96 21 , 7 5 
1 , 97 21 , 9 5 21 , 7 4 21 ,9 5 21 , 74 
2,00 21 , 9 5 21 , 7 4 21 , 9 5 21, 74 
2,00 21 , 95 21 , 76 21 , 9 5 21 , 76 
1 , 97 21 , 96 21 , 76 21 ,96 21, 76 
1 ,97 21 ,96 21 , 7 6 21 ,96 21 , 76 
1 , 97 21 , 96 21 , 76 21 , 96 21, 76 
1 , 97 21 , 96 21 , 76 21 ,96 21 , 7 6 
13,86 21 ,97 21 , 7 6 21 , 97 21 , 7 6 Compact. 
I 
TY3L?:: VII 
+0,04-
- 0,02 
-------
Remar~ 
+O,Ol/. 
- o.1...g?: 
0:, 
I-' 
El' . . () .. · _J_ 
I I "~~ !. ;-c:;i.- . 
C 
p 
l. 
Sample 
No 
K39 
K40 
K41 
K42 
K44 
K45 
K48 
K50 
K52 
K53 
K54 
K55 
D means 
D' n 
L means 
L' " 
Box Len""th <mm) 
NO L L' 
II r 1 , 98 
1 , 91 
2,22 
1 • 9 3 
1 , 9 2 
2,06 
2,03 
1 , 96 
2, 1 0 
2,00 
2, 1 2 
1 , 99 
Dimensional measu:rements TABLE VIII 
~~_I_rradiation test E 96-01 ~-
Diameter before irradiation in mm Accuracy~ 0,02 
" after " " " " + O 02 
Length before irradiation in mm Accuracy - ' :!:. g._gJ 
11 after " " " +0,0<1 0,02. .r 
.. 
d ili"""'t-.i:>Y' (mm\ 
Sample 90°turned Remarks 
D D' D D' 
21 ,9 5 21 , 77 21 ,96 21. 77 
21 , 96 21 , 82 21 ,96 21 ,82 
21 ,96 21 , 82 21 , 96 21 ,82 
21 ,96 21 ,83 21 ,96 21 .8 3 
21 , 96 21 , 82 21 , 96 21 ,82 
21 , 95 21 , 82 21 ,96 21 ,82 
21 .9 5 21 ,82 21 ,96 21 ,82 
21 , 9 5 21 , 81 21 ,96 21 , 81 
21 , 9 5 21 , 81 21 .Q6 21 , 81 
21 , 96 21 ,82 21 , 96 21 ,82 
21 ,96 21 , 82 21 , 96 21 , 82 
21 ,95 21 , 81 21 , 96 21 , 81 
0:, 
N 
§--r-1 .. .() 
__ L 
I I 
_,..J L ~-! • 
D means 
D' " 
L means 
L' " 
Com- Sample Box Len12"th (mm) 
pany No NO L L' 
Bel,Nuc 1 l III 2,03 
77 2, 12 
92 2,05 
74 2,04 
23 2,05 
60 10,09 
12 1 , 98 
75 2,02 
93 1 , 91 
62 10,08 
28 2 , 1 1 
76 1 , 97 
______ p iwe_nsiona,l mea,s_ureme_nts 
--~I_r_radi~ti?n test E 96-01 
Diameter before irradiation in mm Accuracy+ 
T'cBLE IX 
0,02 
" after " " 11 " 
Length before irradiation in mm Accuracy 
" after " " " " 
+ 0) <?2 + 0, () q. 
_ 0,02 + 0, 0 q. 
0,02. 
-----
di:imet:Pr> (mm) 
Sample 90°turned Remarks 
D D' D D' 
21 , 81 21 , 80 21 , 81 21 ,80 
21 , 80 21 , 80 21 , 80 21 , 80 
21 , 79 21 , 7 5 21, 70 21 , 7 5 
21 , 7 9 21 , 69 21 , 79 21 , 69 
21 , 79 21 , 68 21 , 79 21 , 68 
21 , 80 21 , 72 21 , 80 21 , 72 Compact 
21 , 81 21 , 76 21 , 81 21 ,76 
21 , 81 21 , 7 6 21 , 80 21 , 7 6 
21 , 80 21 , 7 3 21 ,80 21 , 7 3 
2, 1 ,82 21 , 77 21 , 81 21 , 77 Compact 
21 , 83 21 , 7 5 21 , 83 21 , 7 5 
21 , 81 2'1 , 7 4 21 , 79 21 , 7 4 
1 
m 
c,:i 
j --r .. -Q __ t __ 
I 
-~· ' ,~--~~ 
Com- Sample 
pany No 
Dragon 314 
1214 
6G9 
3G9 
122-5 
12E4 
3E4 
129-4 
6C4 
3_C4 
125-4 
3A5 
6A4 
6A4C 
Box 
No 
IV 
D means 
D' II 
L means 
L' I! 
Lenllth (mm) 
L L' 
1 , 99 
1 , 97 
1 , 99 
2,00 
1 , 97 
1 , 99 
1 , 99 
1 , 99 
1 , 9 5 
2,00 
1 •. 99 
2,01 
l,93 
13,75 
Dimensional meaaurementn 
Irradiation test E 96-01 
Diameter before irradiation in mm Accuracy+ 
II after II II " II + 
Length before irradiation in mm Accuracy 
" after " " 11 11 
d; <>mpt:o.,.. 
, __ , 
Sample 90°turned 
D D' D D' 
21 , 97 21 , 7 5 21 ,97 2 1, 7 5 
21 , 96 21 ,U 21 ,96 21, 77 
21 ,97 21 , 76 21 ,96 21 , 76 
21 , 97 21 , 75 21 ,97 2 l, 7 5 
21 ,96 21, 77 21 ,96 21, 77 
2 1 ,96 21, 77 21 , 96 21 , 77 
21 ,96 21 , 76 21 ,96 21 , 76 
21 , 96 21 , 78 21 ,96 21 , 78 
21 , 96 21, 78 21 ,96 21 , 78 
21 ,97 21 , 78 21 , 97 21 , 78 
21 ,97 21 , 78 21 , 97 21 , 78 
21 ,97 21 , 78 21 , 97 21 , 78 
21 ,97 21 , 78 21, 97 21 , 78 
TABLE X 
0,02 
0,02 +009 
. - o: oz 
Remar~ 
+ o. 0 <I 
- 0,02. 
21 ,97 21 , 80 21 , 97 21 ,80 Compact. 
0) 
~ 
ITT 
--ti=-
Com-
pany 
K.F.A. 
I 
' 
I 
I 
I 
I 
Sample 
No 
K56 
K57 
K61 
K62 
K63 
K65 
. K66 
K69 
K71 
K72 
K73 
K74 
D means 
D' " 
L means 
LI II 
Box LenP.:th (mm) 
No L L' 
IV 2, 17 
1 , 96 
2,01 
2,06 
2,05 
1 , 9 5 
2, 1 6 
2,03 
1 , 98 
1 , 90 
1 , 93 
2,01 
Dimensiooal mea1:1urememts 
Irradiation test E 96-01 
Diameter before irradiation in mm Accuracy 
" after II II II II 
Length before irradiation in mm Accuracy 
11 after " " " 11 
- -
di<>m<=>1:fH' (mm) 
D D' 
Sample 90°turned 
D D' 
21 , 9 5 21 , 82 21 , 96 21 ,82 
21 , 9 5 21 , 82 21 , 96 21 , 82 
21 , 9 5 21 , 83 21 , 9 5 21 ,8 3 
21 , 9 5 21 ,84 21 , 96 21 , 84 
21 , 9 5 21 , 8 5 21 , 96 21 , 8 5 
21 , 9 5 21 , 84 21 , 96 21 ,84 
21 , 9 5 21 , 84 21 , 96 21 , 84 
21 , 9 5 21 , 8 5 21 , 9,6 21 , 8 5 
21 , 95 21 , 84 21 , 96 21 , 84 
21 , 9 5 21 , 83 21 , 96 21 , 83 
21 , 9 5 21 , 84 21 , 96 21 , 84 
21 , 96 21 , 8 5 21 , 9 5 21 , 8 5 
TABLE XI 
't 0,02 
+ O ,02 + 0 O q. 
0 
o ~ 
- _ o: 02 + o:cZ_ 
Remarks 
0) 
CJl 
~.
-······· ... 
. ~ 6 
fc_ ,-t. 
. "'l /. ;.q __ 
Com- I Sample 
·No pany 
Bel.Nuc C63 
17 
c47 
94 
82 
I 31 
i C 50 
I 
Box 
No 
IV 
l 
D means 
D' II 
L means 
L' 11 
Lernrth <mm) 
L L' 
10,07 
2,00 
1 0, 13 
2,02 
1 , 9 6 
2,04 
1 0, 1 3 
I 
D irn!?rill ional_rneasurements TABLE XII 
Irradiation test E 96-01 
Diameter before irradiation in mm Accuracy: 0,02 
II after II II II 11 + 0 02 
Length before irradiation in mm Accuracy - ' - '!:. g. gJ + 0 0 q 
II after " II II II ' o' C2. 
D 
21 , 83 
21 ,82 
21 , 82 
21 , 83 
21 , 80 
21 , 78 
21 , 81 
,r I S~::;.. 90°turned l Remarks 
. _D I D' I 
di;imet< 
D' 
21 , 77 
21 , 77 
21 , 77 
21 , 73 
21 , 70 
21 , 72 
21, 7 4 
21 , 8 3 
21 , 8 2 
21 , 83 
21 , 84 
21 , 80 
21 , 79 
21 , 82 
21 , 77 
21 , 77 
21 , 77 
21 , 7 3 
21 , 70 
21 , 7 2 
21 , 7 4 
Compact 
Compact 
Compact 0:, 
0:, 
- 67 -· 
TABLE XIII 
Particle 4V/V0 Particle AV/V0 
No NO 
1 11+,87: 16 17, 29G 
2 22,056 17 17,396 
3 8 nd , ( ,'c, 18 15,4% 
4 21, 57[ 23 18,8% 
7 7 ,O?{ 21+ 27,8% 
8 15, 1% 27 20,9% 
14 19, 75{ 28 16,8% 
15 19,4% 29 17 ,4% 
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